London; pp 5, 17 (?1912) History of Geology. London; pp 20,34, 38,45, 55 Zittel K von (1901) It is generally stated that the feetal heart sounds were first heard by Mayor of Geneva in 1818. De Lee in his textbook (De Lee & Greenhill 1947) made a more guarded statement that while 'Mayor of Geneva in 1818 described the feetal heart tones it is believed they were first heard by Phillipe Le Goust in 1650'; he adds significantly 'Le Jumeau de Kergaradec in 1822 published a monograph on the subject which is classic'. What are the facts? Alistair Gunn, in a paper read to the Section of Obstetrics and Gynecology of this Society in November 1952 (Gunn & Wood 1953) , gave a precise account of the little we know of the history of foetal heart auscultation before Laennec. He says:
'The stethoscope was brought into use for midwifery by doctors very soon after its introduction by Laennec in 1819. Previously there had been only two accounts of anyone listening to the foetal heart, and these were not written by the people who had listened. The earliest of all is from France. Round about 1650 a group of physicians in Niort spent some years wrangling about the functions of the feetus. One of them, Phillipe Le Goust, in a poem written in the local dialect, makes fun of his colleague Marsac [also a poet] for claiming to hear the heart of the foetus beating "like the clapper of a mill".' I have not myself been able to see the original work of either Le Goust, which was written in Limousin, a local dialect long since obsolete, or that of Marsac which was composed in Latin. Although in the library of the British Museum there is a Latin tract embodying some of Le Goust's views on the feetus in utero, the most accessible information on this versatile man is written in French and is to be found in the Archives de Tocologie published in Paris in 1879. It comprises a biographical and bibliographical account of Phillipe Le Goust by one Dr Phelippeaux of Saint Savinien in Bordeaux (Phelippeaux 1879) . From this somewhat long winded and discursive paper we learn that the medical fraternity at Niort in the first half of the seventeenth century was remarkably like it is today the world over, that is to say, it was at times given to bickering and disputation. Fortunately for us, quarrels then, more than now, were conducted publicly and in print and make interesting, amusing and instructive reading today.
The main dispute in Niort at that time appears to have been about how the foetus behaves in utero and the factions were led by the reactionary Le Goust on the one hand and his progressive opponent Lussaud on the other. Le Goust's feelings were greatly hurt when one of his trusted friends and lieutenants, called Marsac, not only defected to the enemy but celebrated his treachery in a Latin poem. Le Goust immediately seized his quill and dashed off in reply a satirical ode in his native Limousin dialect in which he pokes fun at Marsac, sarcastically comparing him to Homer and Virgil and sympathizing with Hippocrates and Galen in their ignorance as compared with this paragon; even Nature, he said, blushed with shame that she was not acquainted with Marsac's work when she began her own. However, the relevant passage in our present context occurs in the third verse of Le Goust's ode which derides Marsac's statement that the feetal heart trots like a mill clapper. ' And when he sang, on a high note that the heart trots like a mill-clapper and forges its spirits without matter of blood and air, Nature sent Galen braying For having said otherwise in his writings.'
In his paper Dr Phelippeaux points out with some justice that since the rhythm of the foetal heart is compared very aptly to the sound of a mill clapper the beating of the heart must have been heard and presumably, since the stethoscope was not yet invented, this could only have been possible by placing the ear directly on the patient's abdomen. It is therefore reasonable to deduce that Marsac's Latin poem contained the first known description of the foetal heart beat as heard by Marsac and his friends around 1650. As far as we know this remained a unique observation till over one hundred and fifty years later.
Some are born great, some achieve greatness and some have greatness thrust upon them.
Frangois-Isaac Mayor of Geneva to whom we must now turn our attention is surely in the third category. Alistair Gunn gives us the facts as follows:
'There was published in Geneva a monthly abstract or Readers' Digest called "Bibliotheque universelle des Sciences et des Arts, &c.", and in 1818 the November number records a meeting of L'Academie Royale des Sciences in Paris when a report was read on the Treatise of Dr. Lenuce on auscultation. This Dr.
Lenuce was almost certainly Dr. Laennec. It described how a committee had verified the author's findings and had also heard the beatings of the heart, the adult heart of course. To this there is an editorial footnote, doubtless inspired by local pride:
"'This observation reminds us of one by M. Mayor, the clever Geneva surgeon, which seemed very interesting to us, in his report on the art of accouchements and legal medicine. He has discovered that you can recognize with certainty if an infant, when term is near, is alive or not, by applying the ear to the mother's belly; if the child is alive you hear quite clearly the beats of its heart and you easily distinguish them from the mother's pulse."
'On that footnote alone rests the fame of Mayor. 'Laennec was the real pioneer, and within a few years (1822) Le Jumeau de Kergaradec gave a systematic account of the foetal heart and of the uterine souffle' (Gunn & Wood 1953) . This is a fair and accurate assessment of the history of the foetal heart sounds up till that time;
and since every medical student knows that Laennec invented the stethoscope it is the more remarkable that so little is known of Kergaradec, this physician turned amateur obstetrician who was Laennec's friend and collaborator and who applied so brilliantly and successfully the new instrument to the practice of obstetrics. Jacques Alexandre Le Jumeau de Kergaradec is still standing although, like the family fortunes, it fell into disrepair as a result of the Revolution and ill-management by the lawyers who had charge of the Kergaradec children's affairs after the tragically early deaths of their parents (Fig 2) . Jacques Alexandre was one of a family of ninefive boys and four girlsborn to Paul Oliver le Jumeau, Chevalier Seigneur de Kergaradec and his wife, Julie Gratien of Saint Maurice.
In the year of his birth 1787 the clouds of revolution were gathering and the storm broke upon his unhappy country soon afterwards. In 1792 his father, now the Comte de Kergaradec, fled the country to serve in the Breton Confederation of the Army of Princes. He never returned but died in exile at St Petersburg seven years later. Jacques Alexandre was born in the little town of Morlaix on the coast of Finnisterre not far from Kergaradec. Situated at the mouth of the estuary of the river Dossen, more often called the Morlaix, in Kergaradec's day it was famous for its vegetables; today its most conspicuous After her husband had escaped to Russia the Comtesse de Kergaradec was brutally separated from her childrenthe youngest was only 2 years oldand imprisoned within the walls of the Carmelite convent which stands beside a holy well (one of many to be found in Brittany) at the top of one of the hills. Kergaradec's daughter-inlaw records in her beautifully clear handwriting how the young family would climb the hill as often as they were permitted to visit their mother, accompanied by their maid Catherine, a faithful retainer, affectionately called Cateau by the children. The streets have changed little since and we can retrace their steps today along the Rue de Saint Melaine now the Rue Anse de Gernisac (after a local benefactor who gave the town its museum) and along the steep and narrow Rue des Fontaines and the Rue Sainte until we reach the fountain and the adjacent Carmelite convent, now happily no longer a prison but restored to its former use.
Their maternal grandfather, Monsieur Gratien of St Maurice, took the parentless children under his own roof in Morlaix. Although he had been Farmer General of Revenue of Brittany the revolutionaries did not molest him perhaps because of his advanced age and his newly acquired responsibility for his nine grandchildren. He was a man of strong religious belief and great courage and was able not only to protect from damage the fabric and furniture of his parish Church of Saint Melaine (including the baptistry where Jacques Alexandre was christened), but also hid the parish priest in his house at great risk to himself and his family. The secret happily was well kept.
When he was 7 years old Jacques Alexandre and his four young brothers were arrested one evening and thrown into prison as the children of an efmigre aristocrat father. They would certainly have died by the guillotine had not Robespierre just then fallen from power and suffered that fate himself, so bringing the Terror to an end.
Monsieur Gratien, influenced perhaps by the serious, reflective and painstaking nature of the child, or perhaps inspired by the memory that his maternal ancestor de Miron had been a physician to Charles VIII, announced one day: 'As for you, Alexandre, you will be a doctor'; and so it turned out and the young Kergaradec began to serve his first apprenticeship at the Military Hospital of Morlaix in 1798. So during the years of his apprenticeship in Morlaix he daily climbed another hill to another convent, the Convent des Minimes at St Fiacre which had been converted during the Revolution into a military hospital. To do so he must have walked along the Rue de Mur where there is still to be seen the medieval house said to have been occupied by the Duchess Anne of Brittany who was married successively to Charles VIII and Louis XII of France. Further up the hill at the corner of the little Place du Lait an ancient granite monster still stares down at passers-by as it did at the young Kergaradec. There is little left today of the Convent des Minimes but its neglected walls.
In 1802 at the ripe age of 15, seasoned by four years of clinical experience in a military hospital, young Kergaradec set off for Paris with certificates of proficiency and experience signed by his teachers in Morlaix. Arrived in the capital he immediately entered his name for the School of Medicine and took furnished lodgings in the Rue de la Harpe. Nearby from No. 56, Chaude the publishers were to issue in 1826 the second edition of Laennec's masterpiece on auscultation which included Kergaradec's observations on the fcetal heart. But this was a quarter of a century away and meanwhile young Kergaradec settled down to wait for the beginning of term. He spent his time reading in the Library of Sainte Genevieve which was not far away, or walking in the unfamiliar and fascinating streets of Paris.
The upheaval consequent on the Revolution was still reflected in the medical education of the day. The ancient royal faculties had been swept away by the National Convention and replaced by three Schools of Medicine, one in Paris, one in Montpellier and one in Strasburg. To these establishments every district of France sent scholarship students, 'pupils of the nation' as they were called, from whose ranks were recruited the medical officers needed by the army. This system was soon found inadequate and was altered between 1798 and 1803 so that private students were permitted to enter the schools at their own expense. Many young men with previous experience at the military hospitals came to Paris to study for their doctor's degree. It was with this purpose that young Kergaradec arrived in Paris in the spring of 1802; the previous year another young Breton medical student had come to the City from the town of Quimper not far from Kergaradec's native Morlaix. His name, Rene Theophile Hyacinthe Laennec, was soon to be emblazoned on the walls of fame for all time. Despite their Breton origins and the propinquity of their native towns there is no evidence that Kergaradec knew Laennec before they met in Paris, and formed the firm friendship that lasted until the latter's death in 1826 when Madame Laennec could write to Kergaradec: 'You were the friend of my dear Th6ophile and you have well earned this name he so liked to give you, as much by the attachment you had for him during his life as by the touching homage you now give to his memory. On reading with the deepest emotion your Obituary Notice the first sentiment I felt was the need to assure you of my gratitude. Kindly accept the sincere expression of my particular esteem. ' Although temperamentally very different they had much in common. They were both Bretons, both Catholics and both passionately interested in medicine. There were a number of their fellow countrymen in Paris at this time and they naturally sought one another's company, as fellow exiles the world over have always done.
No doubt the two young men first met at one of these gatherings. The religious climate of France and of Paris in particular was changing. Of the children who grew up during the years of the Revolution some remained staunch Republicans, Section ofthe History ofMedicinte others returned with enthusiasm to the faith of their fathers, so that after 1800 it was no longer unusual to see men, including intellectuals, attending Mass. On the Feast of the Purification, February 2 1801, six devout young men met around a certain Father Delpuits and dedicated themselves to the welfare of the Church. In this way was founded what came to be called the Congregation. This Society grew rapidly and soon included among its number some of the famous aristocratic names of pre-revolutionary France, as well as many aspiring intellectuals and not a few medical men. Whilst one naturally expects to find Kergaradec in such companyfor he was by upbringing and temperament a religious man -Laennec seems less at home there. Descended from sound middle-class stockhis forebears included lawyers, doctors and literary men of a more sceptical than credulous turn of mindhis father, left a widower when Laennec was 5 years old, was more interested in witty conversation and the composition of madrigals than in the religious instruction of his three young children. Nor was Laennec's early medical training in the military hospitals of Nantes conducive to piety; nevertheless it is difficult for any Breton to be entirely atheistic and no doubt the friends he made in Paris, many of whom were intensely interested in religion, played a major part in attracting him to the Congregation (Kervran 1960) .
Laennec and Kergaradec also met in the laboratory of Dupuytren who at this time was conducting an extremely successful course in pathological anatomy. Dupuytren, now remembered mainly for the contracture he described in the hand, was already a formidable figure in the medical school and a few years later in 1808, using fair means and foul, he had gained a place on the surgical staff of the H6tel Dieu. By 1815 at the age of 38 .years he had elbowed himself into the position of Surgeon-in-Chief and was one of the best hated men in Paris. Known as 'nobody's friend' he is described as 'cold, hard, contemptuous, unscrupulous and overbearing, more respected than beloved'. Because of his character it might be easy to underestimate his remarkable achievements which included the original descriptions of fracture of the lower end of the fibula, congenital dislocation of the hip joint and retraction of the fingers from fibrosis of the palmar aponeurosis. The victim of grinding poverty in his youth, Dupuytren had perforce to fight his way up. He did so to such effect that when he visited Italy at the height of his career he was treated like royalty and before he died at the age of 58 he was a millionaire and a Baron of the Empire.
Although lacking the drive and ruthlessness of Dupuytren and the feverish energy and genius of Laennec, Kergaradec was an assiduous scholar and he had no difficulty in passing his preliminary examinations two years after his entry into the school. He was then accepted by the surgeon Pelletan as his dresser in the H6tel Dieu. Dupuytren was the junior surgeon and Kergaradec worked with these two for the next two and a half years. One of the few things his chiefs agreed about was that Kergaradec was an unusually keen, conscientious and intelligent student and they both said so in the certificates they gave him. What they did not say, but what was evidently true, was that he had very considerable powers of diplomacy as he managed to remain friends with both at a time when Dupuytren was ruthlessly climbing on the shoulders of his elders to make himself senior surgeon at the H6tel Dieu in the phenomenally short time of seven years. Pelletan was never in Dupuytren's class as a surgeon and as he grew older his confidence progressively waned. Kergaradec used to assist his chief at amputations and would dine with him afterwards; he noticed with compassion how often the old man's dinner was spoiled because he expected every knock at the door to bring word that his patient was bleeding to death. In 1809 when he was 22 Kergaradec passed his final examinations and successfully defended his inaugural thesis for the M.D. choosing as his subject 'The Usefulness and Dignity of Medicine and the Qualities necessary to be a Physician'. Thereafter he returned for a time to his beloved Brittany but was soon back in Paris where he and Laennec both contributed to Panckouke's Dictionary ofMedical Science which was published in 1812.
The empiricism inherited from previous generations continued to rule medical practice throughout the first decade of the nineteenth century. Nevertheless, a scientific approach was at last beginning to gain ground. The thermometer, the magnifying glass and the microscope were in existence and an accumulation of anatomical and physiological data, the result of the work of men like Vesalius, Harvey and Hunter, was approaching a critical mass from which synthesis was inevitable. Methods of clinical examination were however still very primitive. Percussion for sounding the thorax had been used from Hippocratic times, and auscultation by the direct method, placing the ear on the patient's chest, is mentioned in an Irish manuscript of the twelfth century. That the feetal heart beat audibly in utero had been known as we have seen at least from the middle of the seventeenth century. Direct auscultation was however unsatisfactory being in Laennec's words:
'as uncomfortable for the doctor as it was for the patient, disgust in itself making it impracticable in hospitals. It was hardly suitable where most women were concemed, and with some the size of their breasts was a physical obstacle to the employment of the method for examination of the heart and lungs.'
In 1806 Laennec was consulted by a young lady who presented the general symptoms of heart disease and in whom the application of the hand and percussion gave poor results owing to stoutness, while the age and sex of the patient forbade direct auscultation. Kergaradec tells how Laennec on his way to visit this patient saw some boys playing in the courtyard of the Louvre; one had his ear at the end of a long wooden beam while his playmate struck the other end. In this way began the train of thought which led to the invention of the stethoscope. Laennec found that if the ear is applied to one end of a solid cylinder a pinprick is heard quite distinctly at the other end. Beginning with tightly rolled paper the instrument slowly evolved through a variety of lengths, widths, thicknesses and materials. In turn he tried ebony, cedar, malacca cane, lime wood, glass and metal and eventually settled on a cylinder of light beech wood about a foot long pierced through the centre and composed of two adjustable parts cupped at their extremities. ' The cylinder thus shaped' he wrote 'is the instrument best suited to the study of the breath sounds and rales. It can be converted into a simple tube with thick walls for the examination of the voice and heart beat by introducing the ferrule stopper into the funnel at the lower end.' This was the stethoscope, also known at that time as the pectoriloquy or the medical trumpet. Kergaradec experimented with the instrument and was soon convinced of its value for the study of diseases of the chest. He then became interested in applying it to other conditions. It occurred to him that it might be possible to hear waves set up in the liquor amnii by movements of the foetus although he was well aware that such waves could only occur if a gas were also present in the uterus, an unlikely occurrence which he did not in fact encounter. It is possible, although there is no documentary evidence for this, that he may also have expected to hear the intrauterine cry of the feetus. This is the remarkable but now well documented phenomenon of 'vagitus uterinus' which on rare occasions follows artificial or spontaneous rupture of the membranes, when the liquor amnii can escape and air enter the uterus, thus allowing the feetus to breathe and cry. It was first reported in Europe by Jubus Vincelius in 1546, but is said to have been known to the ancient physicians of Babylon and Assyria. It is described by some of the older European writers as 'a cry or joyous exclamation' heard from the abdomen of a pregnant woman sometimes audible from quite a distance. Tradition has it that Zarathustra, famous in antiquity as the founder of the wisdom of the Magi, and Mohammed, prophet of the one true God, both called out in the womb. In Christian hagiology we read that St Bartholomew also cried out before his birth, perhaps in protest against his imminent expulsion into a world where he would be flayed alive. It was of this phenomenon that the French obstetrician Velpeau remarked:
'Since men of good faith have heard it, I believe it; but if I had heard it myself I would doubt it.' Although Kergaradec failed to hear the foetus either splashing or crying in utero his investigations nevertheless were far from fruitless.
'One day' he writes 'whilst examining a patient near term and trying to follow the movements of the foetus with the stethoscope I was suddenly aware of a sound that I had not noticed before; it was like the ticking of a watch. At first I thought I was mistaken, but I was able to repeat the observation over and over again. On counting the beats I found that these occurred [143] [144] [145] [146] [147] [148] times per minute and the patient's pulse was only 72 per minute.' After many such observations and much thought he rightly concluded that he was listening to the foetal heart. He subsequently discovered the placental souffle which he describes as a peculiar noise resembling the souffle observed in certain diseases of the heart or great vessels, perfectly synchronized with the mother's heart. Although not an obstetrician, and very conscious of his lack of expert knowledge in this field, he believed that his findings were of importance and might be applied to obstetrics, e.g., in the diagnosis of pregnancy; as an indication of foetal life when movements were not detected; in the diagnosis of twins; as an aid to determining the presentation and position of the feetus; in the diagnosis of ectopic pregnancywhen the feetal heart beats are perceptable in a region where it is not usual to hear them, and vaginal examination shows no enlargement of the uterus. The placental souffle he thought might help in those 'happily rare cases where CQsarean section is necessary' by indicating the position of the placenta which could then be avoided when making the incision in the uterus.
After he had presented the first part of his Memoir to the Academy in 1822 his attention was drawn to the observation described earlier by Dr Mayor of Geneva who claimed that he could recognize with certainty near term that a foetus was alive by hearing its heart beats on applying his ear to the mother's belly. Kergaradec having consulted the original article readily admitted that Mayor's observation was earlier than his own. Refusing to be involved in a fruitless argument on priority at a subsequent meeting of the Academy he said: ' The question of priority is not of any real consequence, the essential in science is that important truths should be published and developed so that their application may be made easier and quicker. If the Academy is pleased to receive my work favourably the knowledge of it cannot fail to spread, it will be verified where accurate, corrected where faulty and applied where useful so that the object at which I am aiming will have been reached' (de Kergaradec 1822).
In fairness to Kergaradec, however, it must be emphasized that Mayor's observations were incomplete and made only at the end of pregnancy, nor was there any mention of a uterine souffle. Kergaradec's description was much more detailed and accurate and included observations made as early as the fifth month.
The Memoir on auscultation applied to pregnancy was received with approbation by the Academy, but unfortunately the hope expressed by its author that others more favourably placed than himself would confirm and extend his observations was not soon fulfilled. His paper did indeed stimulate an elderly and conservative obstetrician called Forestier to write him an open letter in the prolix and turgid style of the period. The old man was obviously very disturbed by the use of the stethoscope, 'this newfangled and ridiculous plaything', in the practice of obstetrics, and he strongly advised Kergaradec to 'abandon these toys of ignorance truly prejudicial to science and to the wellbeing of an amiable and interesting sex'. Laennec received Kergaradec's new observations enthusiastically including them in the second edition of the 'Treatise on Auscultation', declaring 'I had not thought of applying auscultation to the study of the phenomena of pregnancy. This happy idea is due to my compatriot and friend Monsieur le Docteur de Kergaradec'. Thereafter for two decades little is heard of the use of the stethoscope in obstetrics and Evory Kennedy, ex-Master of the Rotunda, could still write in 1843: 'It is a matter of regret to us that auscultation in pregnancy has not met with more opposition as the more it meets with the more it will attract the attention of the profession which is all that is required to establish its utility.' Whilst there is no doubt that today the utility of foetal auscultation has been fully established the study of the fcetal heart is still in its infancy. The development of detailed and accurate foetal heart monitoring using electronic and other techniques can surely be expected to bring greater advances in the study of fcetal physiology and pathology in the next twenty years than have occurred in the last two hundred. We may then be able to answer the question posed by Kergaradec when he asked in 1822: 'Will it not be possible to judge the state of health or disease of the foetus from the variations that occur in the beat of the foetal heart ?'.
Kergaradec introduced auscultation of the foetal heart as we know it. He was a modest and kindly man; had he been more aggressive and self-seeking his name would be better remembered.
